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Fuselage Bending Calculations in the Region of a Mid-wing Junction 


the functions 94 i from the potential energy and the 
Euler equations for oblem, This leads to 4 
differential equation 0 countered, The 

mac Linum supplementary stresse 5% of the maximum fundamental 
stresses on the boundary between the f ctions 
and 28% of these atressos on the boundary 

rear sections. The supplementary tangential atresses are deter~ 
mined from the equilibrium condi The supplementary stresses 
diminish the bending moments ina re long its whole 
perimeter. f the present sim 

yarified exp : odel of circular section loaded by 
normal bending stresses d the plane law at its ends. 
Theoretical and experime s show that the reinforced 
frames are relieved of thei oss-section becomes 
less and less plane. 

Mhere are 11 figures. 
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AUTHORS: Kan, SN. and BSilant'yev, A.V. 


TUPLE: The analysis of a fuselage in torsion in the region 
of the central plane 


PERIODICAL: Levestiya vysshikh yea ag gavedeniy, 
Aviatsionnaya tekhnika/7no. 3, 1961, pp» 36 = 68 


TXT s The stressed state of a‘ fuselage of oireular cross<- 
section 1s considered in the region of the wing under torsion. 
Peripheral fixing of the central plane of the wings to the 
fuselage has been assumed, The use of the elementary formula for 
tho shear stresses in free torsion leads to aubstantial errors. 
Appraciable normal stresses arise in tho transverse oxoss-section 
of the fuselage. The main cause for constrained torsion is the 
atiffness of the fuselage stringers in their planes. It follows 
that a change of shape takes place in the transverse CroBB= 
section. This change of shape is a function of the position of 
the cross-section and causes normal and shear stresses. The x 


fuselage is considered as a multiply statically indeterminate 
aystan. The basic statically determined system is a design with 
Card 1/3 
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tho shear stresses of free unconstrained torsion. The fuselage 

Ls simplified into a beam supported on end frames through two 
Lond-carrying and a set of ordinary stringers in the central 

‘plane. Simultaneously, with the shear stiesses of the skin, 
stresses are observed also in the longitudinal crose~section of 

the system if the stringers are considered as supported by the 

end frames and loaded with the increments of the shear forces in 
the skin. In the initial system of forces, additional forces of 
interaction between sections of the skin arise as well as those 
between the stringers and the skin. The conditions of compatibility 
of deformation will be fulfilled if the additional stresses are 
taken into account. The static indeterminacy is eliminatei by the 
Castigliano method. It is assumed that the end frames, taking 

into account the associated fuselage skin, have a large flexural 
stiffness. The basic stresses are determined. As a rule, they 
lead to warping of the cross-sections. To remove the warping 

which does not in fact take place beyond the limits of the central 
cross-section, additional stresses are postulated. These are 

found from the condition of compatibility of deformation of the 
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at don with ¢ 
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supplumentary stot? leads to a chapter cote fone 
eons 508. A numerical ox, on for the 
Ypical Conditions, Shows that cheese Penta es 
6a stressing 


Yields about 15% 
normal stroman higher stresses in & Shear and substantial | 


There are ll figures, 
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~ KAN, S.N., doktro tekhn.nauk, prof, (Khar'kov) 
Thermoolasticity and stability of a circular cylindrical sandwich 


shell, Rasch.prostr.konstr, no.7:73-100 '62, (MIRA 15:4) 
(Sandwich construction) 
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AUTHOR 8 Kan, S. Ne (Kharkiv) 

QITLE: Transverse bending of cireular cylindrical sheils 
PERIODICAL: Prykiladny mekhanika, v. 8, N@o 1; 1962, 3-10 

TEX: Practical formulas are derived for calculating ordinary and 


sandwich circular shells. Arbitrary support conditions are assumed 
and the external transverse load can vary in both longitudinal and 


transverse direction; in a particular case, the shell may be lcaded 
try concentrated stresses. The normal stresses C are determined as 
nsverse-cross section 
cular sections (rings) 
are calculated, o the z-axis. 
The shell 


those of interact 
+ween the rings. The solution of the pro 
pressing sil the unknown internal stresses i 
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moments my and the radial displacements ue The statical indeter= 


minasy is solved on the basis of the minimum condition of potential 
energy of the system. The proposed applied method of calculation is 
based on Hooke's law and two hypotheses: 1) The absence of shears 
in the middle surface, and 2) non-deformability in the peripheral 
direction. In carrying out the calculation, it is assumed that the 
basic system cf equations has been already solved (i.e. the quan~ 
tities Js Gd, Bor Im % and u have been found); it is required tc 


“ind the additional stresses, displacements and moments (or 
, ebto)» The radial additional displacement is 


ad? 
led 


Usd =Enggl2)eoe nP 


where an 5a z) igs a statically indeterminate function which varies 
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in the Longitudinal direction. The equilibrium equation of a shell 
element and the internal stress-strain relation of this element 


make it possible to determine all the additional stresses which 
arise in the structure. Thus, the additional normal stresses are 


1; 
oad awe <a (10) 


Tie totel bending moments are 


ny ne Deep + px, ) (12) M4 


where D is the rigidity and 2% the curvature. In order to fully solve 
the problem, it is necessary to determine the function €,, 2); whis 


function is found by solving Euler's equation for the variational 
cara 3/6 
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problem (the potential energy of strain should be a minimum). Bu-~ 
ier?s equation leads to a differential equation in the unknown func~ 
tion y.te), vizo8 


a‘y, (2) 
4 


+ acy (2) = 4g) (2) (24) 


where 


(25) 


on being the thickness). In practical problems, the bending mo- 
oe meee to be expanded in series: 
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ASSOCIATION: Kharkivs'ke vyshche inzhenerne aviatsiyne uchylyshche 
(Kharkiv Aviation Engineering Institution) 


SUBMIEPED : September 20, 1961 


Card 6/6 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7 


BE ADT a Yet ESET 8 EF BO 


ERS 9) 


: Kany Se ation 
Likes : at ae oe sree oscilla ; che 
bi ae \is os 
DITLE: an Be awich ghe Seed anos 4962, 42 : fe 
AKa . es 
prykiadne mexhent KO ana axial stress or noice 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


"APPROVED FOR 


RELEASE: 
sacs eis atl CIA-RDP86-00513R000620320010-7 


a 


. 3/1 9¢/62/008/002/002/011 
Stability and free oscillations of «+ p299/D301 


One obtains | ; 
: Wiz) = C,chy4 + Cpshy,2 + C0087 5? + C,SinY 5% (8) 


where the integration constants Cys Cos C. and Oy are getermined by 


the poundery conditions. The following cases are considered: a) The 
shell is freely supported, b) it is rigidly clamped; c) one edge 15 
supported and the other ~~ clamped; a) the edges are freee Yor case 
a) one obtains: . 

spot 2 p (n° - 1) = 
¢€ ie n+ 1) 8 = Ss 3 [4 + (Be) 


(+o 
n@(n° = 1) R 2 


Por er’ 


waere D, is tne rigidity (shear deformation being taken into 4 


bam 28 the thickness, and n = 2, By te oes end m= 1, 2 3, os are 
(Kespectively) tne number of waves and halfwaves, (chosen in guch 3 
wey, $0 as to correspond +o the minimum of the critical load). From 
Ege (10) it is evident that the presence of the axial stress Os A 


laads to @& decrease in Puy and conversely. tf the shear deforma~ 
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2.» 96D 
(15 + 77)°sh ¥,l sin y,L = 0. (36) 


Hence one abt 


ts aing the equation for the frequency of free oscilla- 
ions; 


. D 
(Ba Ry4 + = n* (n? - 1)° 
9 ER“6 
a re (37) 
R“y6 : 
bi 3? 
ao (FE)? 4 Pin? + 17] 


For sufficiently long shells, Eq. (37) reduces to 
on gD, n® me #y" 
OF ott irs 2 
R YO, 54 (n° + 1) 
Analogous expressions are obtained in + 


he case of rigidly clamped _L 
shells, and for sheils with nonsymmetrical edge-conditions. The J 
Cara 4/5 
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agreenent between the obtained working-formulas and the existing so- 
lutions for one-~layer shells, is proof of the greet accuracy of the 

proposed method. It is also noted that the shear deformation of the 

core affects considerably the results. There are 2 figures. 


' ASSOCIATION: Kharkivs'ke vyshche inzhenerne aviatsiyne uchylyshche 
(Kharkiv High Institution of Aviation Engineering) 
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AUTHOR: —_ Kany 5.1. 
TITLE: Tempernturo stresses in a circular conical shell 
PERIODICAL: Referativnyy zhurnal, Nekhanika, Svodnyy tom. no. 8V, 1962, 11-12, 


abstract 8V83 (Tr. kenteronlll po teorii plastin i obelochek, 1960," 
Krnian's 1961, 164-169) 


TEXT s The calculation of itis Fnoginetiotty of shells by energy method is fs 


given. The problem in solved as a mitiplo-statically undetermined system. For 
a basic ntatic solution, a construction ie appliod 4n which the deformation of 
tho cross-sectional planes and the interactions are neglected. Additional 
stresses appear from actual interactions and they are represented by a now- 
definod function, which js determined by a solution of a variation problem 

Three examples are considered. 


{Abstracter's notos Complete tranalation.| 
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' AUTHOR: Kan, S.N., Prof., Dr. of Technical Sciences (Kharkov) =, IE 
| QITLE: | Stiffn:ss:'of closed and open cylindrical shells 
ar + ‘pr 5 fc xtsiy; sbornik 
SOURCE: Raschet ‘prostranstvennych konstruxtsly; s 
- statey, no.6, Moscow, 1961, 213-248 
i TEXT: An approximate methed for computation of cylindrical and B 


‘ pri +e open and closed shells is given. «Support conditions are 
- eeaae the outside normal load may be yariable along and across 
‘the ghell or concentrated. The shell is considered as statically . 
7 multiply indeterminate. The conputation is carried out as for one 
, elementary, thin walled, beam with constant section, corrected by : 
| gupplementary reaslts yielded by the bending theory, The superposi- 
 440n takes into account the conditions of compatibility of deforma: — 
“4 de , 


7 
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_ tions. The following cases are considered: circular section, clamped 
or free supported, with or without diaphragms (at ends or in the 

-, middle) for various loads; general open or closed prismatic or cylin- 
“. drical sections. Bight exanples are computed in detail and compared: 
i 1. Circular cylinder, freely supported, under uniformly distributed 
‘'..! load along one generator. 2. Elliptical cylinder with inner prescures. 
23. Bridge with asymmetric longitudinal load, with or without diaphragnus. 
a "4. One-span, freely supported, open cylindrical shell with side ele- 
iments. 5. As.in 4 but of double length. 6. As in 5 out with diaphragm 

/ dn the middle. 7. As ia 6 but with suppors under the diaphragm. 8. As 


‘1 dn 4 but clamped. There are 10 references, 
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SAVIN, G.N., otv.red.; ADADUKOV, R.A., rod.; ALUWAR , N.A., red; 
AMBARTSUMAN, S.A., red.; AIIRO, i.Ya,, red.; BOLOTIN, V.V,, red.; 
VOLIMIR, A.S., red.; GOL'DENVEYZER, A.L., rede; GRIGOLYUK, B.I., 
red. ;_KAN,.SaN,, red.; KARMISHIN, A.V., red.; KIL'CHEVSKIY, NeA., 
red.; KISELEV, V.A., red.; KOVAIENKO, A.D., red.; MUSHTARI, Kh.Ma, 
red.; NOVOZHILOV, V.V., red.; UMANSKIY,A.A., red.3 FILIPPOV, A.P., 
red.; LISOVETS, A.M., dekhn, rod. 


(Proceedings of the Second All-Union Conference on the Theory of 
Plates and Shells)Trudy Vsesoiuznci konferentsii po teorii plastin i 
obolochek.2i,Lvov, 1961.Kiev, Izd-vo Akad.nauk USSR, 1962, 581 p, 
(MIRA 15:12) 
1. Vsesoyuanaya konferentsiya po teorii plastin i obolochek. 2, 
Lvov, 1961. 
oe (Elastic plates and shells) 
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PHASE I BOOK EXPLOITATION 
Konferentsiya: po teorii plastin 4 obolochek. Kazan’, 1960. 


Trudy Konferentsiit po tearii, plastin 1 obolochek, 2h.29 oktyabrya 
1960, (Transactions cf. the Conference. on the Sheory of ‘Plates . 
and Shells Heid in Kazan', 24 to 29 Cotober 1960}. -Kazan', . 
{Izd-vo Kazanskogo gosudarstvennogo univeraitdta 1961. 426 p. 

1000 copies printed. ca ’ : 

Sponsoring Agency: Akademtya nauk S3S3R, Kazanskiy' filial. Kazanskiy 

" gosudarstvennyy universitet! im. V. I. Ul'yanova-Lenina. \ 

F é ‘ ‘4 " ri 
Editorial Board! Kh. M. Mushtari, Editor; F. 8, Isanbayeva, Secretary; 

“‘Alumyae, V. V. Bolotin, A. 5. Vol'mir, N. 18, Ganiyev, 
Gol'denveyzen N. A. Kil'chevskiy, My S. Kornishin, . 
Lurtye, @. N, Savin, A. V. Sachenkov, I. VY, Svirskiy, - 
Surkin, and.A, P, Filippov. Bd.t Ve I.. Aleksagin; ° 
Edit: Yu. P. Semenov. ' 


PURPOSE: “The oulleotion of articles 1s intended ‘for ‘aolentists ‘and 
. engineers who are interested in the analysis of strength and 
stability of shells. Ag eae PR a ' 


ee tic t 4 
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Transactions of the Conference (Gcnt. ) S0V/6206 


Conference on Plates and Shells held in Kazan! from 24 to 29 
October 1960, . The articles deal with the mathenatical theory 
of plates and shells and its. application to the solution, in — 

- both linear and nonlinear formulations, of problems of bonding, 
atatio and dynamic stability, and vibration of. vogular.and  . 
sandwich plates and shellS Of various shapes under various * 
loadings in‘the elastic and plastio regions,  Anajpystt' is. made 
of the behavior of plates and shells in fluids,:and the effect 
of creep of the material‘4s considerod. .A numbor of papers 
discyss problems associated with the development: of effective | - 
mathematical methods for.solving problems in the thoory of: shells. 
Some of the reports propose algorithus for-the solution of ‘problems 
with the aid of electronic computers. A total of.one hundred: 

* reports and notes were presented and discussed curing the con- | 
ference. The reports are arrangod alphabetically, (Russian) by -. 
the author'sa‘nane. = i, . 8 2x 


COVERAGE: The book is a collection of artioles delivered at the 
| 
| 
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Transactions of the Conference (Cont.) 


Grigorenko, Ya. M. On the Nonsymmetrical State of 
Stress of a Conical Shell of linearly Variable 
Thickness 


, Dlugach, M. I. Uniqueness Conditions of Displacements 
in Multiply Connected Regions and Shells With 
Openings 

Il'gamov, M. A., and Kh. M, Mushtari. Some Problems 

of Static and Dynaniic Stability of Sandwich Plates 


Kan, 5S. N. Thermal Stresses in a Circular Conical Shell 

Kil'chevekiy, N. A. ‘Approximate Methods for Investigat- 
dng Equilibrium and Vibration of Shells as "Discrete 
Continual" Systems ; 

Kevalenko, A. D, Solution in Spettal Functions of 


Unsymmetrical-Deformation Prob‘lems of Shallow 
Spherical and Conical Shelis 
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AUTHORS : Kan, S-Nes and Lipovskiys p.Ye. 
TITLE) | stability of circular cylindrical frameworks under 


‘axial compression and transverse pressure 


PERIGDICAL: Izvestiya vysshikh vuchebnykh gavedeniy, : 
Aviatsionnaya tekhnika, not, 1962, 79-90 


: TEXT: This is the first of three articles. The calculations © 
are based on the assumption of a structurally orthotropic shell, : 
_. the force elements peing: "smeared out", The energy method is used | 
1 to calculate the) critical stresses and it is assumed that under 
“the action of the critical external forces the system has both a 
straight line and a curved form of equilibrium, corresponding to 
the minimum potential energy» The usual assumptions of the theory - 
of thin shells are Made e Considering first the critical stresses 
‘for the ‘axial form of the loss of atability, the necessary : 
condition for the minimum potential energy leads to a fourth order 
differential equation whose characteristic equation has roots 
n= t (a + gi). The displacements can increase without Limit if : 
either a =O oF pL = mTty where L is the length of the shell. 
card 1/3 . 


ccd meena ees ne memes eeweetiamimtarenn ss Te oh ees hs ah OFT —— 


2 eee : rmsd : 


BETH Fee es el | Pee Sigs 


APPROVED FOR RELEASE: 08/10/2001 


CIA-RDP86-00513R000620320010-7" 


= 


iz aTHES HT EGuonE aT ae: ETE g TE be sea Be: 


t PEs thin creteeet tt ets 
SHEE Sir HELE ened Hee 
Le eee BRS Lid § eeeaeres Or aed 


Stability of circular cylindrical.., $/147/62/000/004/008/019 . 


E031/E113 


From the first condition can be obtained the critical axial 
compressive stress; the second condition gives the number of half- 
waves m along the generators at the loss of stability, The 
transverse pressure has no effect on the critical stresses. In the, 
case of a non-axial form of the loss of stability, the assumption | 
that the cross-sectional axis remains fixed and the condition for 
periodicity are used to give an expression for the tangential 
displacements,and the axial displacements are obtained from the 
condition that the mean surface is not displaced, Using these 
relations and the expression for the potential energy of unit 
length of the cylinder, Euler's equation leads to a fourth order 
differential equation which has the same complementary function as 
the previous equation, From the condition a = 0 it is deduced 


‘that positive (internal) pressure increases the critical stress 


and negative pressure diminishes it. The condition pL = ma 
gives a relation between the number of half-waves m along the 
generators and the number n of waves round the circumference at 


‘loss of stability. Expressions for the critical stresses may be 


obtained similarly for other boundary conditions, For the axial 
form of the loss of stability the criticai stresses increase with 
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indrical shells are investigated, Cylindrical - 

nd circular frames and shells made from corrugated © 
ffect ofthe. stiffening (or of corrugation) taken into 
ént thicknesses and ‘flexural rigidities in both axial 

s, Jn analysis of'the flexure the method of designing 
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4 mphasized. The axis aymmetrical and asymmetrical 

| sousded, and the effect of different rigidities on stability = - - 
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"Structural mechanics for airplanes" by A.A.Umanskii, Reviewed 
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av,tekh, 5 no,32187-189 '62, (MIRA 15:9) 
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(Airplanes—Denign and construction) 
(Umanskii, A.A.) 


Al 
coed oer! 
STE 


ect Tet “Wie, Pra 19 ea 
SPV ORS SIDU RS TRIBE? MU FEED E Pw Fis 
Se EES BELTED PSM SETUE UT Ea ea PbS Tg EASE ST PETE Ep Pog 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


"APPROVED FOR jatar 08/10/2001 CIA-RDP86-00513R000620320010-7 


Be. ca cara aac SEG ARM ABLE FA BAC TDE RESUMCGA EN SOE | BRALSANID EEE tM ANUISSE SEL i SUR 2B PS Ne Bs eT 


B/eT9/ ez fo0/000/os/o08 
i D234 D308 


id nan ‘ottength ee oy 


ici trudy EL: Veeaoyumnoy Kontos 


_pentyabrye. at K ae San 


ppdL phe paper. the: euclion elaine to” 
- the design of shells under many» 
Hooke's law and hypotheses, assum 
iddle surface and no extension of 
‘dal: direction. No equations are. given. 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


"APPROVED 
Tange eatte erste: 


Lie agit 


FOR 


Pe E aE) i] 
d : 


RELESSE 08/10/2001 CIA-RDP86-00513R000620320010-7 


Ad seariee. 


AM40079430 000” BOOK EXPLOLTATION - s/ 


-  Bel'shiy, Vladimir Leonidovich; Vlasov, Ivan Petrovich; Zaytsev, 
> Vaekentin Nikolayevich; Kan, Saveliy Nakhimovich. (Doctor of Technical 


3c.ences, Professor); Varnoghitskiy, Vladimir Pavlovich; Kots 
Veniamin Markovich; Lipovskiy, David Yevseyevich . : 


‘Aircraft design (Konstruktsiya letatel'nykh apparatov) Moscow, 
Oborongiz, 1963. 708 pe illus., biblio. Errata slip inserted, 
6200 copies printed, - 


“TOPIC TAGS: aireraft. construction,’ aircraft strength, aircraft! 

‘design, aircraft rigidity, aircraft hydraulics, aireraft pneumatics, 
. aireraft servo, aircraft service life, aeroelasticity, aerodynamic 
; heating ~ 7 e a 


“PURPOSE AND COVERAGE: The book is ‘intended for aeronautical engineers 
-concerned with aircaft design and manufacture. It may also be 
‘useful to students of technica? schools of higher education. The 
-principles of aircraft construction and strength are discussed.: The 
principles of arrangement are examined, and design methods for strength 
and rigidity are given. External design loads are analyzed,and: other 
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i 
' problems in the construction of airplanes, rockets, and helicopters ; 
| are examined. The pneumatic and hydraulic aircraft systems as well | 
| as hydraulic servos are described, Considerable attention is paid 
' -¢o the probloms of aeroelasticity, service life, and aerodynamic heater 
' ing. The factual and numerical data and the schematic diagrams of ! 
: -adreraft are taken from non=Soviet sources. The authors thank Kk, A. !} 
| Iytnshinsky for. writing article .3 of Ch, 2 and WM. M, Mitro~ 

fanov who particpated in selection of material for some chapters, i 
| - Special appreciation is expressed to A. M. Okulov for illustrating : 
i the book and to Doctors of Technical Sciences A. R. Bonin and i 
Professor L. P. Ninokurov , and Candidates of Technical Sciences N. G.} 
Savusya, L. A. Kolesnikov, A. A. Yarkho and, V. P. Rusanov for their — 
valuable suggestions during the review and revision of the manuscript. 
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AID Nr. 967-13 ‘15 May 
COMBINED COMPRESSION AND FLEXURE OF STIFFENED CIRCULAR 
CYLINDRICAL SHELLS (USSR) 


and D, Ye. Lipovskiy. Izvestiya vysshikh uchebnykh zavedently, 
Aviniontve tekhnika, no. 1, 1963, 33-47, © §/147/63/000/001/005/020 


The states of stress and strain of circular cylindrical shells stiffened by 
stringers and rings are analyzed, The shells are subjected to transversal 
loading combined with axial compression uniformly distributed along the 


; faces, The effect of manufacturing imperfections of the shell's middle sur- 

face is taken into account. The problem is discussed in a linear formulaticn 
" under conventional assumptions of the theory of elastic thin shells, For so- 
lution of this statically indeterminate problem, Kan's method, employing energy 
principles and structural-mechanics techniques,.is used, ‘The axially symmetrical 
and asymmetrical states of stress (caused by axisymmetrical and arbitrary 
loading, respectively) are investigated, and formulas for the critical (buck- 
ling) load, radial displacements, bending moments, and longitudinal and cir- 
cumferential stresses are derived, The behavior of shella under arbitrary 
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COMBINED COMPRESSION [Cont'd] 8/147/63/000/001/005/020 


loadi' g is shown in diagrams for various rigidity parameters. A numerical — 
samp..e Calculation is presented of a simply Supported stiffened shell under 
combined uniform continuous loading consisting of axial compression on the 
faces and a downward vertical load on the inner side along the bottom genera- 
trix, Nondimensional stresses relative to their critical values are calculated 
. in the axial and circumferential directions, and their distribution in ‘cross 
sections is shown in diagrams for length-to-radius ratios of § and 10. The 
effect of manufacturing irregularities on the shell's stress-strain state and 
the behavior of the stiffeners are dlso.diseussed, [VK] 
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TIME: The stability of framed and corrugated cylindrical shells 
“SOURCE: Pryvldadna mekhanila, ve 9 Noe hy 1963, 356-366 | : 
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‘qopté TAGS: stability, cylindrical shell, orthotropic shell, critical force; i 
rigidity = : | ‘ 
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ACCESSION NR: AP3O055y2 - ? — | - 
of elements of a construatively orthotropic shell seems to be Nsmudged" by , 
stringers, frames; or corrugationse 


“The author presents. valeulational relationships for the determination of critical | 
forces and gives recommendations for their utilization.s 
; | i 
Numerical examples are given of the determination of critical stresses and forces | 
‘for framed and corrugated shells. (Orig. art. has 25 equations and } figures). 
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AUTHOR: Kan, S. N, (Khar'kov) 


TITLE: The carrying capacity of circular cylindrical shells undex compression 


. 


SOURCE: Vsesoyuznaya konferentsiya po teoril obolochek i plastin. 4th, Yerevan, 1962, 
Teoriya obolochek i plastin (Theory of plates and filma); trudy* konferentsii, 1964, 489-494! 


TOPIC TAGS: shell, cylindrical shell, circular cylindrical shell, yield point, compression, 
compressive load, carrying capacity, shell stability, critical stress, buckling moment, 
flexion. . ee 
ABSTRACT: Noting that the loss of carrying capacity by a shell may be the result of 
either the loss of stability or the breakdown of strength, the author points out that there is’ 
no consensus with respect to the mechanism whereby the loss of shell stability occurs. ; 
The author rejects the nonlinear approach to the determination of critical sheli stresses 
with allowance for considerable radial displacements on the part of system elements, and - 
advances the belief that it is physically more convincing, as weil as mathematically correct, 
to determine sholl carrying capacity from linear positions while at the same time taking. 
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i into account the “mall initial bends of the surface. The entire aggregate of irregularities : 
* in the center surface of the system may be divided into two groups: thee which correspond 
| toa stability loss in axiosymmetrical form and those which do so in nonaxiosymmetrical . 
| form. Under the influunce of external forces of compression the individual longitudinal — 
elements of the shell are found in a state of longitudinai-transverse flexure. ’ All other; 
: gonditions being equal, the axiosymmetrical form of initial bending is the most dangerous. 
| Thus, the carrying capacity of the shell may be determined from the strength condition by 
| those external forces of compression, from which the sum internal stresses may reack the 
| yiald point of the material. Itis noted, however, that this order of calculation will agree — 
| with experimental data only in the event that the values of the radius-to- thickness ratio: 
| (R/S) of the shell are relatively small. In his analysis of what takes placo in the case of : 


large R/& , the author advances the theory that the buckling moments of the individual 
bands, with longitudinal-transverse flexure, may be considered the consequonce not of the 
real initial axiosymmetrical bending of the surface, but of an equivalen: imaginary 
axiosymmetrical load, from which the shell loses stability in non-axiosymmotrical form. 
Since the flexional rigidity of the shell elements is proportional to the cube of its thickness, 


then, in the case of relatively large R/§ (that is, in the case of small thickness parameters) 
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‘ shell stability loss is extremely probable, with the compressing external axial load actively . 
‘ promoting this phenomenon. On the basis of these phenomena, the author derives the cal- 

: culation formulas for shel! carrying capacity. The crippling axial stress, corresponding to ; 
- a non-axiosymmetrical form of atability loss, with allowance for the effect of the constant 

; radial ‘oad p, Is found to be me _ 

' Te 2G, =e pr ; . 

Los as Ae ne a 

' “ : 
| where n is the whole number of waves in the circumferential direction generated at the time : 
: of the stability loss from the joint effect of the axial forces ard radial pressure. The oF 
' necessary minimum value n must correspond to the whole number of halfwaves m along 

i the generatrix, as expressed by the following formula: 
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and pt is the Poisson coefficient . An analysis of the calculation formula for & 


shows that the relative value of the carrying capacity “e_ depends on the initial dr- 
regularities fp. If the tachnology employed in the manuféeture of the piece is high fo 
approaching zero), then ©; will approach 2X . Further, it is important to note the, 
substartial effect of R/S~ on the value of “t) As R/S increases, ‘falls, whichis in 
complete agreement with experimental work with shells. The practical use of these 
formuls in a specific structural manufacturing technology is explained in the article. The! 
grephic physical nature of this method, the simplicity of the derivation of the engineering 
formulas and plotting of the ghell strength and stability curves, 48 well ag its practically = . 
total agreement with the results both of experimentation and computations on the basis of , - 
the complex methodology proposed by other authors (Donnell among them) - all speak in 
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favor of the solution presented in this paper. Also, this method for calculating carrying 
capacity considers transverge loads, which may sharply reduce the carrying capacity of a - 
shell in those cases in which the initial bending, equivalent to it, approaches the "critical": 
harmonic. At thesame time » it is obvious that large local depressions mily have some “ 
small effect on the carrying capacity if they are irregular in character and, consequently, 
when expanded into a Fourler series, .have very small amplitudes for the harmonic adjacent 
to the "critical", Orig. art. has: 14 formulas and 1 figure. , 
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1: ABSTRACT: Earlier-publications by 8, -N..Kan and A. G. Immerman have considered 
" ponding of orthotropic structural thin-walled circular cylinders with separate rigid 
. diaphragms. The same method may be used for systeme with separate elastic olrcular 
’ ibs, In the present paper, the authors derive curves for finding the stresses in basic 
sections under various boundary conditions, as well as equations for the stresses at fixed : 
- ends and at the ribs. The shell stresses were determined by tho variation (energy) method, - 
: The stressed state of a thin-walled beam with unstrained cross section is taken as the 
* basis of the calculations (see the Enclosure). The longitudinal normal stresses are then 
: given by: —, 
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end the oblique forces by: ¢™ thm oe - Bending moments (m Qo), lateral and (Q Qo) 
and annular normal forces (N Qo) are obtained by considering elementary rings cut 7 
evory l'cm. The total moments are then found by using series. The unknown coefficients | 
: for tho derivation of the function of x are found by solving a simple variation problem 
for the minimum potential strain energy.. Curves are included in the paper showing the 
variation in the function of x and its derivatives in the basic sections depending on the 


i 

j a 
dof ba > 
ii | 

i 
44 : 

{ 


i 
t 
‘ 


‘ structural parameters, which alter the‘dimensionless value: ~~ Sivemnser et : 
a a eee Oo fo: 
hb = — V - ; 3 
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_ ‘The added moments taken as functional unknowns are: fo 4 
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Bending is found only at a certain distance from ‘the ribs. The additional normal otress 
at a fixed end is given by: = Brew) ant 
er V'_ tal") __ BRS) Bates 5 cosng: 
“ta” Da fe aT ak Sat 1)" 
‘This may be changed into a ecries: 
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An example is given in the paper of pipeline design using numerical values, a8 wellas | 


a numerical example of water tower design. “Candidate of technical sciences, docent P, A. .’: 
Shkor'ny*y, Candidate of technical sciences Yu. I. Kaplan and Engineer 8. 8. Kan took ee 
part in the investigations connected with deriving the formulas." Orig. art. has; 21 ne 
figures, 11 tables and numerous equations. 
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siders the overall loss of stability end supporting: 
otropic circular cylindrical shells subjected to ~ 
\ | bending ‘and twistit 1B figure). The overall stability loss is char- 4 
actierijed by: simultan twisting (radial. displacements) of the 
sheeting, str. ge ~ an normal formers. As deformation. develops, 
dents are form \ the shell in the span L between the rein- 
. |foxced. formers. The flise of structural instability mey be 
insufficient bending re istance ‘in the normal formers cr 
stringers. The critical loads are most easily calculated 
by ithe | energy. ‘ne'thod abduming conditions of neutral 
ey equilibrium. The rigidi, ty characteristics of the 
system. are given, exid 2 18 of stability is ncaa 
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Bil wbnakiown, «etl atumchon webbots, sb. charchurr Diy mentee” / 
PURPOSE AND COVERAGE: This book i's intended for design-engineers of 
the aviation industry and other branches of machine=-building., It 
may also be useful to students and aspirants of schools of higher 
education, Tha book reviews methods of calculating the strength, 
Stability and vibration of thin-wall shells used in various 
branches of machine=building and construction shells with a curvi- 
linear axis’ and shells of various geometry are also discussed and 
the effect of various stresses and deformation is analyzed, The 
rectangular) and round plates of shells are also outlined. Calcula- 
tions are blased on a particularly effective single energy method 
which can be applied over a wide ange of engineering specialties. 
For better understanding of thie method, examples of shell calcu- 
lation based on hypothetical data are presented, The author 


622 2153539.48534—9,014.1:624:04 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


paler DOA Eh bl 


"APPROVED FOF Fee aah eal CIA-RDP86-00513R000620320010-7 


[ieee SHEERS 21 pRSGe he > ea ested HHL ERGY Hak Ht Berit HIEEREN aH belt AE THY  GHel te telat bas fe 5) Pech Pisa she bic ied sep tcie base e ed 
det Peels i ‘ Ae ic han (hea eee rs Sa IE ep ape eet eb =? i 


ACG NR, AMGO27255~ 


‘expresses his thanks to D, Ye. Lipovakiy, A. V. Silantyev, Yu. I. 
Kaplan, I. A. Troporeva, K. Ye. Bursan, A. Ye. Polyektov and 5S. S. 
Kan for their assistance, 


TABLE OF CONTENTS [abridged]: 


Part I. Shells With Non=-Deformable Contour of Cross Section -=- 5 
: Introduction == § a 
Ch, I. Bend and Torsion Theory of Thin-Wall Cylindrical Struc- |. 
tures <=, 8 
Ch. KI. Bend and Torsion Theory of Thin-Wall Tapered Struc~ 
tures =~. 48 
Ch. III, Theory of Constrained Torsion of Open Structures -=- 59 
Che, IV. Theory of Constrained Torsion and Bend of Closed Struc 
tures -- 74 


Part II. Shells With Deformable Centour of Cross Section -= 102 
Ch. Ve Introduction == 102 
Ch. VI. Axisymmetric Load of Cylindrical and Tapered Shells << 126 
Ch. VII, Transverse Bend of Cylincrical and Tapered Shells -=- 174 
Ch, VIII, Bend of Cylindrical and Prismatic Shells of Any Crosse. f 
Section (Closed or Open) == 245 ’ 


Ch. IX. Benhd of Shells With Curvilinear Axis -- 262 
H . 
Card 2/3 


i Bole t ieaie eae 
edie Wecttisiniernititad 


ts INE inate Eiapig a i FS 
easier eaniey aa efit Fee 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


"APPROVED FOR REPEne 08/10/2001 CIA-RDP86-00513R000620320010-7 


ge He DST TELE RPA PTT ER TE EN OB ERAT OL HT 
coe ee pope ie ete SHEL Lege 9] Ee Ea LEIP ESC le Se GEE ace 


CEASE 


acc NR AN6027258) nannies 
i 


Ch. X. Stability of Cylindrical Shells <- 284 

Ch. XI. Longitudinal-Lateral Bend and the Shell Carrying 
Capacity ~~ 377 

Ch, X11. bei Vibration -~ 415 


Part IIt. iekd, Stability and Plate Vibration == 431 
Ch, XIII. lIntroduction a= 431 
Ch, XIV. Transverse Bend of Rectangular Plates =~ 447 
Ch. XV. Stability of Rectangular Plates ~~ 447 
Ch. XVI. Rectangular Plate Vibration -- 459 
Ch. XVIII.' Bend, Stability and Round Plate Vibration ~= 466 
Appendix =* 479 
References ~~ 503 


SUB CODE: 2O/ SUBM DATE: 95Reb66/ ORIG REF: 045 


i 
i 
1 


a TST ae 
eae SEGUE eS 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000620320010-7" 


way mee pe ere 
—— 


EAPEROVED FOR Sesion piace dai CIA-RDP86-00513R000620320010-7 


Be AASV REI ELA RL I 


204 ee ules 
a; APRs 
AUTHOR: _Shkeo 


“RIDDLE: stu ; 
‘Shedd, Vel variou 


“sound “Ref, 


REP SOURCE: ‘Sb. zhelezobeton, konstruktsii, Wp. a(32)< Khar! kov, 
Khar! kovek. Memb 196s, een! . 


-gopre TAGS: 
cylindric: 8 


P Pe Ads 


the state. of stress of a cylindrical evaduatson- 
ee conditions 


Hay, Se sea gy Bon ee 


ABSTRACT: . :A; stestinatlon: Was: made of the stresses in a closed 
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-axially-symmetricat load,.. It was proposed to determine the atress in 
the shell as a sum of the. stresses in the basic and complenental 
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: ‘ABSTRACT: The buckling’ of shells. of revolution having ipurvilinear generatrices. | 
-; Of arbitrary shape and subjected to axial compression*is investigated. The ~~ |: 
;. energy method 1s applied to solving the problem, and the basic partial differen- . 

j tial equations of the general theory of the local stability of shells are used.” 
It ds) assumed that the shell was membrane~stressed prior to buckling, that the 

: radial displacements are larger than the meridional ones, that the shell is fnex- 

pandable ‘along the parallels, and that there are no detrusions in the middle sure 
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inegative) on the magnitude of the buckling force. 
i lustrated by a sample calcula< 
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; | buckling stress” raction of its magnitude determined for a cylindrical shell 

l -g€-game dimensions. It is concluded ‘that. the buckling-stress formulas derived 

| for cylindrical. shells under axial compression cannot be used in analyses of © 
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AUTHORS : Kirenskiy, L. V., Buravikhin, Vv. 4., Kan, S. ¥., and 
Degtyarev, I. F. epee 


TITLE: Domain structure of thin ferromagnetic films 


PERIODICAL: Akademiya nauk SSSR. Sibirskoye otdeleniye. 
Izvestiya, no. 5, 1961, 3-9 


TEXT: __In.recent.years.,.a..series of..theoretical..and..experimental 
investigations have. been_carried.out.on. the domain. structures 
sie he atructures..of domain. shells. in thin ferro-magnetic films 
by. T..Kaczer..(Ref..4:.K Doménove. strukturd tenlyfch ferromagnetyc- 
kyebh yrstev,.éeskolovensky. Casopis .pro fysiku,.7,-516. (1957), 
I..N. Shklyarevskiy. (Ref. 18:.K.voprosu.ob.izmerenii tolshehin 
tonkikh. plenok..s..pomoshch'yu. Liniy. ravnogo.khromatichesose 
poryadka,..t..."Optika.i-Spektroskopiya’, -4. 617. (1958), L. V. : 
poryadtor Fs" p Degtyarev-(Ref..19: 0. temperaturnoy. ustoychivost# = 
domennoy struktury.v.kristallakh.kremnistogo zheleza,.ZbETF., 35, . 
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15:. Internal.structure of 


3, (9), 584. (1958)),.R- M. Moon (Ref. 
‘Films. through. high-resolution 


crogs-tied walls..in.thin.Permalloy. 
j Phys. ,.30,-82,. 1959), .1.. B- Gomi , 


Bitter techniques,.j-4ppl. 


Y. .QOdani. (Ref.. 16: 
Physical. society .of Japan, -1%, 
(Ref..17: Domains patterns. and 


d_nickel.iron,..j...Phy8-5- 


Chain wall.in.Perma 
3-535, 


reversals. by. 


Lioy.Thin Films,.j. of the 
1960) and.C. E. Fuller 

wall movements of 

et.radium, 20, 


thin films.of.iron an 
The study of thin. films-opens. up, the possi- 


No.. 2-3, .310, 1959). 
bility ..of. applying kn 


the. study .o£ microscopic-propertie 
f thin.film 


lemsof ferro-magnetic. theory. 6n 
ive _ferro-magnetic samples. - “Detailed. study of 
on._of _gelf-magnetism. in_thin. .ferro 


ferro-magnetic-properties.o 
fying -prob 
data. for mass 
space distributi 


own.microscopic.methads.o 
s.o£ matter.. 


£ investigation in 

Investigation of 

s could.be.useful.in clari- 
d_here .provide useful 


-magnetic 
the way. to ‘developing the 


films appears. an.important.stage on. 
The practical study of the 


theory. of technical magnetization. 
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properties. of..thin.ferro-magnetic.films.could ‘lead. to. perfecting 
‘the."memory'. elements .of..modern_computers.. .Mainly.due to their 
_ comparatively. simple.production.and.better.rate of demagnetiza- 
_ tion. they. have important. advantages..over. ferrite cores in com- 
puters. .The. study. of the.configuration.of. the. domain. structure 
of .ferro-magnetic.films.and..its.dependability.on the. technology 
_of. preparation, .chemical composition.and_thickness,.and.also the 
change. of damain.structure. in.the magnetic field, .could provide 
_ the best. choice. of_'memory'".elements.of.computers.and electronic 
_ machines. ..Missing..from most .of.the..work.already done in the 
_ study.of..domain_ structure .of..thin.ferro-magnetic. films, is the 
_ effect of. technolagy.of.film.preparation,.film_thickness. on the 
_. configuration. of. domain..structure.and.also.film.changes. in the 
_ process..of. magnetization. and.demagnetization...The present work 
. deals with. the.effect.of.the..technology.of_preparation and 
_ thickness. of the film. of.alloy.consisting. of 80%. nickel, 17% 
iron, and.3% malybdenum.on.the.configuration. of their domain 
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structure as well.as the change in film domain.structure of this 
| Struct alagof the alloy containing. 50%. nickel». 50% Zrat in 
‘the magnetic..field.. .To prepare. ferromagnetic. films.a.vacwl 
_ .device was ced. whose .diffusion.pump yields..a.vacuun aggregate 
device was ie were. obtained. by. melting. the..abovesment jones 
ble. aud. developing films. on.optically 
he form.of a.rectangle.of.10 x 40 mn, 
disca of. 2 to.8.mm.diameter.. .The films 
y_a pair. .of Helmholtz / 


_ were. placed. 

Wert g The direction. of.the.field was. in. the plane of the films. 

The Bo ene oo lioy Fe-Ni-Mo were.prepared as. follows; (a) Base 
temperature: of. 3509C., .in.a magnetic field.of .125,.100,. 75; 50, 
seme 4 oerateda; (b) Base.temperature.420, 350,150 and 50°C., 
in.a field of.100..cersteds; .(c) The films of alloy. Fe-Ni~No of 


different. thicknesses. from 6150 @ to 140 &, and also films of 
“diloy Fe-Ni.were prepared. at. base.temperatures. up. 0 3500C and 


in a field of 100. oersteds... The films. prepared in the magnetic 


AP 
PROVED FOR RELEASE: 08/10/2001  CIA-RDP86-00513R000620320010-7" 


"APPROVED FOR RELEASE: 


Borinnslsmcecst tre 


08/10/2001 


Belen MSceIEEEI CO 


CIA-RDP86-00513R000620320010-7 
SETIIERITENS 


FUERN TLE Oth 09 Wedel Tee ieee PSE 8 Sia ee ae ea eee | Ek 


(san 


2068 
/000/005/001/002 


a 
$/200/61 
303 


D227/D 
Domain..structure os: 


_ field possessed -uniform.anistrophy .along.the axis which corres- 
" ponded. to.. the direction of. applied magnetic fields. The thick- 
hesses of the films.were. measured. by. the universal monochrometer 
_. .UM-2 by.means .of the..lines..of .uniforn.chromatic order.. Domain 
gtructure. was investigated. by. the method..of powder. figures. with a 
magnification. of..280.on. the .MBI-6.microscopé arid also by the 
‘method. of. Kerr's. meridian.magneto-optical effect. as. quoted in 
- Ref...19. (Op..cit.)...The. powder method: enables the. study of - \ 
domain. structure. at high magnification, .the details. of boundaries 
: and domaing,..and.it..possesses.appreciable inertness. Hence for 
‘the study. of. change..of. domain..structure..with.a rapidly changing 
*"Sield,. the non-inert.methad of .Kerr's.meridian. magneto-optical 
method is.used.which.unfortunately does: .not.enable study at 
high. magnification... .To.use.thia.method,.the ferro-magnetic film 
heated .to..250°C, .was..covered. in.vacuum. witha thin. dielectric 
"layer of.zinc.sulphide,. This.decreases.the destructive effect 
_of. temperature. on. the..anisotropy of films.and. during covering 
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with.sulphide.a magnetic.field.of. 70.oersteds was applied parallel 
_to.the. direction ofthe .field used during.the evaporation of metal. 
The dielectric. Layer .appreciably increases. the. deflection angle 
of plane. polarized. light and. this.increases. the..contrast between 
adjacent. domains. making. viaual inspection. possible. .. Subsequent 
work. over. three.months has. not .detected. any. change .in.the. behavior 
of domains. and. the zinc.sulphide. layer....The.ferro-magnetic films, 
_. prepared on.the .basis.of heating..above.200°C .possessed.a time - 
‘gtable domain..structure, .mechanical..atrength. and chemical..stability. 
The dowain..atructure.of.ferro-magnetic.films depends. Largely on 
; the. demagnetization.conditions... Increasing the. angle. between the 
demagnetizing field and the magnetization _axis,.the.structure 
becomes.very fine,. the .direction.of domain. boundaries usually | 
_.. following. the ..magnetization axis... The domain. structure also 
_ depends. on. the demagnetization rate of films. .The.most. correct 
structure .is.obtained. at slow. demagnetization;. a high. demagnetiza- 
tion rate gives large domains and. their structures are less .con~ 
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trollable...4 decrease in. the. thickness.of ferro-magnetic films 2 
gives.rise.to a.tendency.to.bend.the.boundaries .and.to. give boun- 
daries_with.cross.connections.._The.study_of. the magnetization 
process .indicates_tbhat.it.proceeds.as.follows: (a) For. the .thick- 
ness. (about.500-700.8) and.for.dissimilar.films,.the.domains.grow 
along..the orientation_of.the..applied. field, .with.clear-cut. boun- 
daries;..(b)..corresponding...films_with..thicknesses.greater than 
1000 .&.change .in.domain_structure,-.occur.along.iche axis.of the a 
magnetizing field. and.a.mixing..of.boundaries fakes. place. When ‘I 
magnetizing at. an.angle of 45°, it could happen.that the motion Pe 
of boundaries._does .not.occur,. but.inside.the poorly oriented 
domains,..the..bending..of magnetic_vectors.results,. gradually 
gripping..all.domains;..on_the_other.hand-_magnetizing.at.an angle 
of 90°,.the..boundary_mixing..daes.not..take place..and.magnetic 
vectors_turn. smoothly toward. the. direction.of the field. The 
reverse. magnetization. process.usually starts with clearly 
defined nuclei, the growth. of.which.is analogous .ta.the .magneti- 
zation_process.. .There.are_9.figures_and..19 .references:.3 Soviet 
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bloc. and.16..non-Soviet-bloc.. .The. references. to.the English- 
Language ._publications.read.as follows: I. By. Gomi, I Odani, 
Chain wall.in..Permalloy..Thin. Films,.j..of .the Physical society 
of. Japan,..15,..3,.535, 1960; C..E. Fuller, Domains. patterns and 
reversals. by.wall movements. of thin. films_of iron. and nickel 
iron,.j. -Phys.,.et.radium, .20,.No..2-3,.310,.1959; M. Prutton, 
The observation.of domain..structure.in.magnetic.thin films by 
means..of.the .Kerr.magneto-optia effect, Philos. Mag.,.4, No 45, 
1063, 1959; and.H. W. Fuller, .H. Rubinstein,.Ohservations made 
on domain.walls.in.thin.films,.j.Appl. Phys., 30, 84, 1959, 


ASSOCIATION: Institut. fiziki, Sibirskogo.otdeleniya. AN SSSR gos. 
Pedinstitut, _Krasnoyarsk. (Institute. of. Physics, 
Siberian. ‘Section, . AS USSR, State Ped. Institute, 
Krasnoyarsk) 


SUBMITTED: .. . August ..12,.1960 
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AUTHORS; Kirenskiy, Le. Vo, Kan, S. V., and Degtyarev, I. F, 
ieee eet te 
TITLE; Study of the magnetic structure of thin ferromagnetic films 
with the aid of the magnetooptical Furr effect 


PERIODICAL: Akademiya nauk SSSR. Javestiya. Seriya fisicheskaya, 
Ve 25, NOs Pr 1961, 584-593 


TEXT; The praesent investigation was the subject of a lecture delivered 
at a symposium on thin ferromagnetic films ‘Krasnoyarsk, July 4 to Ty 
1960). The development of magnetooptical methods for tne observation of 
domain structures is fairly recent {HuJe Villiams ct al., Phys.Rev., 62, 
119 (1951); ©, Fowler et al., Phys, Rev., 94, 82 (76543). EL Prutton 
(Philos. Mage, 4, 45, 1063 (1959)) has indicated a me‘hod aman apparatus 
for the visuel observation of ferromagnetic : Nc usable results 
cbtained by this method have been, hewever, published heretofore. The 
deficiencies of *he magnetic pewder methods for mest of the studies 
in this field are enumerated, and next, the atudies . 

present authors on tne magnetic structure of thin fer 
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using the magnetooptical longitudinal Kerr effect, are described. Nickel 
alloy films (60% Ni, 17% Fe. 3% Mo) were sputtered in vacuum (1079 mm He) 
onto polished glasoa backings. The uniaxial mugnetic anisotropy while 
producing the filma was brought about by a 100-ce ftieid oriented in the 
film plane. The glass backings had temperatures ur te 350°C. For the 
visual ebservation and for photographing the domains 2 thin dielectric 
gine sulfide layer was sputtered at 10°° mm Hg, and a 7G-oe magnetics field, 
being oriented in the same way as the one in the producticn of the ferro- 
magnetic film, was applied. This layer increased the angle of rotation of 
the reflected plane-polarized light, whereby the contrast tetween the 
domains was augmented. The experimental setup is frasented in Fig. 1. 

The properties of various films studied with this setup were found to 
differ. The directions of easiest and heavy magnetizing were determined 
from the domain structure of the specimens, which appeared after the films 
were demagnetized. When applying a field being perpendicular to the field 
used in the production of the film, the contrast between the domains 
dropped with a rise of the field strength, without the domain configure- 
tion changing noticeably, or the favorably oriented domains appeared. The 
authors discuss tne effect of demagnetization conditions upon the domain 
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structure, and the modification of the domain structure of films during © 
‘ the magnetizing process. ‘To summarize: (1) A very fine domain structute 
appears on an increase of the angle between the direction of the de- 
magnetizing process and the axis of casiest magnetizing of the films; 
(2) a structure consisting of coarse domains,’ differing and undefined in. 
’ shape, was established in case of a fast demagnetization. A fine domain: 
structure appeared on a slow demagnetization. <A study of magnetization | : wd 
indicated that te domains ‘grow abruptly on thin (500 - 600 A) and non-~ :, 
uniform films; (2) on an increase of the film thickness and of the angle: 
between the magnetic field and the direction of easiest magnetizing the ; 
domain boundaries ara shifted uniformly in‘case ‘of’ uniform films. Ine 
case of a magnetization in the direction of difficult magnetizing the * 
configuration of the domains does not change, but the contrasts between: | 
the domains become weaker and disappear once saturation is attained. ‘The ‘ . 
contrast between the domains is restored in part when the field is.discon-: .. 
nected; (3) if a field with the direction at 45° is applied, a brightening: 
of dark fields (or a darkening of bright fields) will be observed. There ~ 
are ‘7 figures’ and 7 references: 2 Soviet-bloc and 5 non-Soviet-bloc. . , 
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ASSOCIATION: Institut fiziki Sibirskogo otdeleniya Akedemii neuk SSSR 
: ; (Institute of Physics of the Siberian Department, Academy of 


Sciences USSR), Krasnoyarskiy gos. pedagegicheskiy institut — 
(Krasnoyarsk State Pedagogical Institute) - a 


_4 


‘ ‘i 
‘ y , e 


Fig. 1: Scheme of optical sevangenent Le | ree: 
. gend: 15; light source; 2, con- «:: 
; ee eae 4, diaphragm; 5 and 6, mirrors. 7, polarizer; 
’ ecimen; 9, objective; 10, analyzer; 11 ism; 1 ; 
(ee peoteri ome ena: 7 ’ y » prisn; 12, observation tube; . 
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TEXT: The present investigation was tae: 


at a symposium on thin oo 
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during preduction. In additicn, ane i]lma underg: magnetic reversal 
depending upon thetr initial state, Phus, a domain struorure v ret 
‘observed to appear or: loayeenous ules saturated in very st aieaas 
(up to 400 cersteds), and the magnetia reyeras] securred by of 
the magnetiazation vector. Magnetic reversal in in omoraneous Tatas 
always began with the formation of nuste: with reverse maenetisation. 
Bright wedge patterns grewing Jump-like arise afl tes unser end of a film 
(580 A) with the gradual growth of a magnetic field eriented in the 
direction of easiest magnetizing. These changes are aserited to inhomo- 
geneitiea of the film. This state of aaturation is 2enserved when 
switching off the field, whish is cenvirneing evideres of tha mignetis 
reversal depending markedly upon the degree ef he: neity of the film, 
An entirely different character cf transformation wis absaerved in films 
of thicknesses arcund 800 kK. If the magnetic tieid js ordanted in the 
direction of easiest magnetizing, the film es 2 wh will undergo an 
abrupt magnetic reversal at a given field strengtn. ‘The authors had to 
overcome grest difficulties to cbtain nuclei with reverse magnetizations. 
The films had to to well demagnetized ror tiis . if the films were 
magnetized in very strong fields. = station a aA nuceoedaarign vactor 
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AUTHORS: Kirenskiy, L. Ve, Kan, Ss. V., and Savchenko, M. K. 
ne 

TITLE: Behavior of the domain struoture of thin ferromagnetic filma 


at different temperatures 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, V- 26, 
no. 2, 1962, 310 - 314 


TEXT: This paper was presented at a conference on magnetism and antiferro- 
magnetism. The authors studied the behavior of the domain structure of 
ferromagnetic films at different temperatures. Fe, Ni, Fe-Ni, and Fe-Ni- 
Mo films were produced by hot metal spraying in a vacuum (107 9 mm He) on 
to polished glass (350°C) in a magnetic field of 120 oe. The optical de- 
vice used for observation of the domain structure has already been descrited 
(Ref. 11: Kirenskiy, L. V., Kan, S. V., Degtyarev, I. F., Izv. AN SSSR, KX 
Ser, Fize, 25, no. 9 (1961)). ‘The temperature dependence of the domain 
structure was studied on 4 specially designed apparatus (Fig. 1) with which 
the temperature in the specimens could be varied between -150 and +650°C. 
To ae misting and oxidation of the specimen in the chamber the pressure 
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was kept at 407? mn Hg during the experiments. In the absence of magnetic 
field the domain structure of all the apecimens was highly stable. The 
pehavior of the domain structure at various different temperatures is 

largely determined by the magnetio field strength. Magnetic reversal K 
nucleation usually occurs in some sections of the film at quite low ten- 
peratures. With repeated magnetic reversal they are easily reproducible. 

At higher temperatures the number of nuclei jnereases, they gro, and the 
boundaries begin to move more rapidly and smoothly. When nuclei are formed 
magnetic reversal can only be achieved by increasing the temperature. Hy 


and Hy are temperature dependent. In some materials they decrease as the 


temperature rises. The ourve for iron films at temperatures above 500°C 
showed an anomalous course, probably due to the different thermal expansion 
of base and film. There are 4 figures and 11 references: 3 Soviet and 8 
non-Soviet. The three most recent references to the English-language pub- 
lications read as follows: Smith Dp. 0., Electronics, 32, 44 (1959); Murphy 
M., Control Engng.» n0e 10, 38 (1959)3 Olmen R. Wey Mitchell E. N., J. ApRm 
phys., 30, 258 (1959). 
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TEXT: qgnere are ne yiterary data oD the nysteresi® of gotropic Cs : 
films. go fill this gaP cerromagnetic films were gnvestigated ee 
which were produced by thermat evaporation of iron and of an 


allo (17% Fey oo Ni 36 Mo) from 4 tungsten crucible. The 
metallic VAP? peam was at an ang : the suvstr te. 
Relatively t k iron films were deposited on glas® discs (neated 
to ec) in a ma ie field 100 08, evaporatioc rom an 
electrically jaa jron Wir The meta Layer was covered 

py a laye of a i lectric+ rn magnitude na th girection fe) 

the magnetization vecto changed durins Lic rem gnetizat on an 
hence the fl re) lected polari@ a ight also changed: ing 
the longi tuds al Kerr effect bY revol 1h pecime r ; 


tually perpendicular measuring. coils were used, There 


APPROV 
ED FOR RELEASE: 08/10/2001 


CIA-RD 
P86-00513R000620320010-7" 


"APPROVED FOR RELEASE: ie oad ocho CIA-RDP86-00513R000620320010-7 


et ‘in wae ae | eee SPICE 


§/126/62/014/006/019/020 
= Hysteresis loops ... E073/E420 


“was good agreement between the hysteresis loops obtained for the 
same film, magneto-optically and by current methods. The 
rectangularity of hysteresis loops and the coerzive force of a 
2100 A thick film showed no appreciable change on changing the : 

angle between the direction of remagnetization and the plane of the: 
incident light. Iron films exceeding 1000'A' were shown to be a 
isotropic, The hysteresis: behaviour of iron and molybdenum 

_permalloy films, vacuum-deposited from tungsten crucibles indicated. 
that they were uniaxially anisotropic, Hysteresis loops of 2100. - 
and 450 A thick iron films, recorded from various sections of the- 
films, showed that in the isotropic films the coercive force of 
both sections was 6 and 7 Oe, whilst in the anisotropic films 
(vacuum-deposited from crucibles) the respective values were 27.7 | 

_ and. 30.8 Oe, The differences in the coercive force of individual © 

sections of the thin films were explained by the irregular 4 
- distribution of the nonuniformitics, A correspondence was 

" ebserved between the behaviour of the hysteresis loops and the 
‘domain structure, Remagnetization in isotropic films was by 
boundary displacement. The domain structure in very thin iron 
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of ferromagnetic films at different e 


of Ferro- and Antiforromagnetiss noid 


1: 
2 QURCB: AN SSSR. Izvestiya: Seriya fizicheskay2, v.28, nol, 1964, 157-160 


roprc TAGS: thin films, ferromagnetic films, hysteresis loop, domain structure, Com 
- palt, dron, molybdonun pormalloy, coercive force, magnetic anisotropy 


a] 


‘ABSTRACT: Aithough there have been many exporimental invostigations of the tempore 


ture dependence of the magnetic properties of 


ferromagnetic films, most of these, 


however, have been concomed with the temperature dependence of the ssturation naig- 
netization. Yet tho temperature dependence of other magnetic properties of thin 
filns are also of interest, particularly in view of the fact that thin film memor~ 
ies are required to operate at temperatures in the range from -100 to 300°C, The 
present work was concerned with investigation of the hysteresis loops and domain 
structure of thin files of iron, cobalt and Mo permailoy (17% Fe, 80% Ni and 3% Mo) 
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at different temperatures. The domain structure was observed by means of the meri- 
dional Kerr effect. The permalloy and cobalt films were prepared by vacuum evapo- 
ration from a tungsten crucible in a 100 Oe field. The iron films were evaporated 
directly from an fron wire heated by passage of current. The films were deposited 
on cover glasses heated to 180°, The vacuum curing the evaporation operation was 
about 8 x 1078 mmHg. The hysteresis loops were recorded in the direction of the 
axis of easy oe ean for difforent directions of tho applied field. The hys-— 
teresis loops for a 1600 A thick cobalt film at temperatures from 20 to 320°C and 
different directions of the switching field are reproduced in a figure. At room 
temperature the best squareness ratio and the greatest value of the cvuercive force 
in the ensy magnetization direction are observed with the field applied in the same 
direction (@ m 0%, Slight rotation of the reversing field gives rise to distor- 
tion of the horizontal sections of the loop, which is indicative of rotation pro- 
cessas, With incroase in temperature the loops narrow. ‘The initial properties of 
the film aro not ro-established upon cooling to room temporature. The behavior of 
Mo permalloy films is different: these films ratain thoir anisotropy after heating 
and cooling. The coercive force versus temperature curves obtained for the diffe- 
rent films are reproduced in Figel of the Enolosure. Photographs of the domain 
atructure of 1600 A thick eccialt and iron filma in the process of magnotization ree 
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{ pETLEs | Domain structure of ferromagnetic crystals, films, and whiskers, and changes 
lof the structure under tho dnfluonce of difforent factors Meport, Symposium on 
| Forromagnotism and Forroelectricity held in Leningrad 30 May to 5 June 19637 


| sounces ax SSSR. Investiya. Soriya fizicheskaya, v.28, no.3, 1964, 559-567 
| TOPIC TAGS: crystal domain structure, film domain structure, whisker domain struc-, 
‘ture, domain structure variation, demagnetization condition domain influence, iron 
ee domeins, iron film asymmetric hysteresis, iron whisker domain , 
| ABSTRACT: This paper summarizes a large amount of information concerning the do- 
‘main. structure of crystals, films, and whiskers, and its change under the influence 
_ {ot magnetizing fields, stress, temperature, and conditions of demagnetization. The 
4 topics discussed dneludo the changes in the domain structure of silicon iron crys~ |: 

_ tals during magnetization in various directions; the effect of mechanical stress on : 

_ | tho domain structure of silicon iron crystals; the influence of mechanical stress | 
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on the domain structure in the (110) and (211) faces of nickel crystals; the effect | 
_ lof demagnetization rate on domain size in thin cobalt, films; the effect of tempera=-| «. 
-. {ture on the variation of domaia structure under the influence of magnetizing fields 
‘Jin thin cobalt films; the variations of domain structure in thin tron films during . 
traversal of an asymmotric hysteresis loop in a transverse field; and the’domain 
structure on the (001) surface of iron whiskers (100 to 200 misron diameter) grown 
“in the [110) direction. The report is illustrated with 47 reproductions o2 domain 
istructura photographs. Among the different kinds of thehavior of domain structure 
imentioned or discussed are the following. When iron crystals are magnetized in the 
‘easy direction, the process of domain wall motion stops short of saturation, and the 
.- [remaining narrow unfavored domains disappear suddenly. When the magnetizing field - [ ao 
'. makes a sufficiently great angle with the preferred nagnetization direction, initial 
-Imagnetization takes placa by domain wall shift; this is followed by a restructuring : 
of the domains, after which further wall shifting occurs. The final approach to sa- 
turation is by ordinary yotation. The herring bone or fir tree domain structure on 
‘ithe (110) face of nickel crystals gives way under the influence of mechanical stress\_. 
ito a simple structure. At greater stresses the domains disappear entirely. At stili | 


igreater stressei a ee domain structure reappears, but the domains are now relats © 
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ec to the other magnetization axis. The net result is thus a 109° rotation of the 

| domains. The size of the domains in cobalt films increases with the rate of de~ 

‘ magnetization by alternating field. ‘This is related to the formation of wedgo 
shaped domains, one within another. When a thin cobalt film is cooled from above 

| the Curie .pojint in a field free environment, ean equilibrium domain structure i8 not 
‘formed. The domain structure of a thin iron film was found to change largely by 

| wall shift during traversal of an asymmetric hysteresis loop in the presence of a 

i constant transverse field. This is not in accord with the explanation of these asymr 

j motric hysteresis loops given by V,V,Kobelev (Petli gisterezisa odnoosny*kh ferro- 

| magnitny*kh plenok. ITH 1 VT AN SSSR,M.,1961) on the basis of 4 model in which the 

| magnetization was assumed.to rotate uniformly. Orig art.has: 9 figures. ; 
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